headache. Headache is the most commonly reported concussion symptom. 3 Certain types of postconcussion headaches such as posttraumatic migraine are associated with poor outcomes and longer recovery following concussion. 4, 5 Typically, symptoms such as headache are assessed using a combination of clinical interview probes and self-report questionnaires such as the Post-concussion Symptom Scale. 6 Headache is assessed as part of the overall symptom evaluation, although clinicians usually obtain additional information about the type and nature of postconcussion headaches. Symptom recall is difficult for children following concussion and may lead to inaccurate or incomplete symptom reporting at clinic follow-up without the availability of real-time, prospective measures. 7Y11 Children and adolescents evaluate headache severity and duration more negatively (eg, higher pain intensity, longer duration) using recall compared with other methods. 11 Moreover, children may not track symptoms such as headache if the tool they are using to assess it is perceived as unappealing or impractical.
Pain diaries provide a way to record and organize information about pain and functionality. 12 When headache persists following concussion, it may be helpful for children to use a prospective pain diary to report headache pain to clinicians. Also, children may find a headache pain diary useful in validating their symptoms among family, friends, and teachers who may doubt the severity of their concussion.
7Y11,13Y15 Recently, researchers have begun exploring the use of electronic pain diaries with children. Generally, self-report of pain and other symptoms using electronic diaries is effective in children 8 years or older.
13Y15
Researchers have reported that children provide a more accurate rating of pain and symptom intensity using electronic diaries.
7Y11,13Y15 Given the prevalence of and importance of understanding postconcussion headache, the assessment challenges in a pediatric population and the potential effectiveness of electronic symptom diaries, a new pediatric headache measure is warranted. Therefore, the specific aims of this study were to (1) develop a prospective, real-time, age-appropriate, and appealing prototype electronic headache pain diary for children and (2) assess the feasibility and utility of the Headache Electronic Diary for Children With Concussion (HED-CC) for the assessment and documentation of concussion headache.
METHODS Participants
A total of 60 children and adolescents aged 12 to 17 years were recruited for the study using a momentary sampling design or the Experience Sampling Method. 16 While convenient, this sampling method was practical for children who were suffering from headache as pain is a subjective experience. Experience Sampling Method focuses assessment on the participants' current state, avoids burden on them, and circumvents the need for summary processing. 16 Two independent groups of 30 children (females, n = 36; males, n = 24) had to meet the following inclusion criteria: (1) currently undergoing treatment for a diagnosed concussion at a sports medicine concussion clinic, (2) currently experiencing headache as a symptom of their current concussion, and (3) English speaking. Children were excluded if they were experiencing postconcussion neurological deficits preventing participation in an interview. All of the participants recruited for the study met all study criteria. During phase 1, children refused to participate because of time constraints (n = 2) (eg, having to return to school), for nonspecific reasons (n = 1), and for severe headache and emotional distress during the clinic appointment (n = 1). Children who participated were offered a small incentive (eg, keychain, elastic bracelet) for participating. The participants also included 5 neuropsychologists with expertise in managing pediatric concussion injury. Demographic data and mechanism of injury for children who participated in phases 1 and 2 of the study are described in Table 1 .
Setting and Design
The setting for this study was a sports medicine concussion clinic comprising 2 separate sites. A mixed-methods design of qualitative interview and descriptive survey methods was used.
Procedures
Review and approval were obtained from the institutional review boards of Robert Morris University (no. 120803) and the University of Pittsburgh (PRO120090200). Pediatric clinical nurse specialists with expertise spanning wellness, acute and critical illness, and with subspecialties in trauma and pain served as principal and coinvestigators on the study team. The clinical nurse specialists were ideally suited to lead and execute a novel interdisciplinary effort (eg, nursing, neuropsychology, software development) targeted at the use of an innovative evidence-based tool to meet the individual needs of injured children and their families. The study was divided into 2 phases: phase 1 during which the electronic diary was developed based on individual interviews with children following concussion and phase 2 during which the newly developed electronic diary was piloted and reviewed and rated by clinicians. Descriptions of the 2 phases of the study are provided below. Phase 1 Data Collection. Phase 1 data collection took place over a 2-month period. The principal investigator solicited informed consent in a private examination room. Each child was interviewed in the same room following a scheduled appointment at the concussion clinic. Parents were able to stay. Interviews were conducted by the principal investigator and were composed of open-ended and semistructured questions ( Table 2 ). The children in phase 1 were interviewed about their headache experience. They were asked if they were currently tracking their headache pain since the time of their injury and if they thought an electronic diary would be helpful for tracking headache pain.
Help questions were used to stimulate discussion, and the context of each interview was considered (eg, emotional) and recorded in the interview notes. 17 For example, some of the children had difficulty expressing their ideas. If the principal investigator noted a child averting his gaze or rubbing her head, or if a child appeared to be struggling to think as a result of concussion, the help questions were useful. Twice during interviewing, 2 sets of parents commented that they could feel their child's frustration with searching for words. During these times, the parents tried to help their child articulate thoughts, and the clinical nurse specialist principal investigator, based on her expert pain assessment skills, appropriately advocated for the child's safety and well-being. No child withdrew from the interview because of the exacerbation of headache or other concussion symptoms.
Because the children would have no understanding of pediatric self-report pain assessment scales and their validity and reliability, the principal investigator presented the children with 3: (1) the Wong-Baker FACES Pain Rating Scale, (2) the FACES Pain Rating ScaleYRevised, and (3) a linear numeric visual analog scale (NVAS). All of the pain assessment scales rated pain from 0 to 10, with 0 representing no pain and 10 representing the worst possible pain. 18Y20 The pain assessment scales were components of the eventual prototype that were influenced by the research team in advance of the phase 1 interviews. The choices were based on (1) validity and reliability, (2) age appropriateness, (3) popularity with children, (4) ease of use, and (5) suitability for traumatic injury.
18Y20

Development of the Headache Electronic Diary for Children With Concussion
We collaborated with a software engineer to implement the children's ideas for a prototype electronic diary, the HED-CC. We created a Web-based prototype diary based on the children's interview data. ! Testing included (1) correlation of interview data with the prototype diary features, (2) literacy considerations, (3) the ability to navigate between screens, (4) loading speed, (5) required versus optional fields, (6) decisions about where to house the prototype diary, and (7) the quality of display on different devices (eg, tablet Describe how bad your headaches are (eg, on a scale from 0 to 10).
How do you describe your headaches to your parent(s)? To your doctor(s)?
Tell me how you are keeping track of your headache pain now.
Primary question
Tell me about how helpful you think an electronic headache pain diary would be to track your headache pain.
Help questions
Tell me about how some of the things you might find helpful to include in an electronic headache pain diary. The HED-CC included fields for username, gender, and a calendar function. Avatars were selected by the software engineer and approved by the research team. A list of mechanisms of injury was included that matched how the 30 children were injured. Pain location was accomplished with 8 cartoon head views that included the front, back, left, and right sides of the head and 4 other views that portrayed three-fourths head turns. The Wong-Baker FACES Pain Rating Scale and a linear NVAS were included with a selection button. Pain descriptors were listed exactly as the children described them during the interviews (Table 3 ). Likewise, activities that exacerbated and relieved headache were listed verbatim as the children described them (Tables 4 and 5) .
Phase 2 Data Collection. The HED-CC was set to the home screen of a 3G Apple iPad for phase 2 of the study. The display on the 3G iPad was better than comparable devices (eg, 
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A www.cns-journal.com laptop, personal computer), combining both mobility and an adequately sized display screen. Phase 2 data collection took place over a period of 2 months. The children in phase 2 of the study were provided with the iPad and were asked to enter data about themselves and their headache in the HED-CC. The principal investigator was available to answer questions during testing. Following completion of testing, children were interviewed about their opinions of the HED-CC (Table 6 ). Test data entered by the children were free of unique identifiers and could not be saved or printed, thereby ensuring anonymity. The software engineer did not have any interaction with the children during either study phase. A panel composed of faculty and neuropsychologists with expertise in pediatric nursing, public health, and pediatric concussion research from a concussion specialty clinic completed an electronic survey composed of 3 Likert-type and open-ended questions. The purpose of this survey was to assess the content validity of the items in the HED-CC scale. Free-text fields provided space for additional comments.
Phase 1 Analysis of Data. Data were analyzed using thematic and descriptive analyses. Four major themes were identified from interview notes: (1) clinical application of the HED-CC during recovery from concussion, (2) the appeal of the HED-CC for children, (3) the meaning of concussion for children, and 
RESULTS
Phase 1 Results
Headache Pain Tracking. Children interviewed for phase 1 (n = 28) were not currently tracking their headache using any measure. Families that were tracking headache using a paperand-pencil diary included 1 mother tracking it for her child and a family that was participating in a brain injury school reentry program. All of the children (n = 30) believed a calendar and clock function were important to include in the HED-CC.
Headache Pain Intensity. The majority of children (n = 19) reported that their headache pain had reached 0 of 10. The remainder of children (n = 11) reported that their The meaning of this for a child was to go to the emergency department for the administration of a ''migraine cocktail,'' which includes intravenous hydration with 0.9% normal saline and intravenous administration of ketorolac, diphenhydramine, and metoclopramide.
22 Table 6 . Children's Interview Questions From Phase 2
Primary question
Tell me what you think of the sample electronic headache pain diary.
Help questions
How do you feel about how the electronic headache pain diary looks?
How did it feel for you to use an electronic headache pain diary (eg, exacerbation of headache)?
How do you feel about how easy or hard it was to use?
Now that you have seen and used an electronic headache pain diary, would you make any changes?
If yes, please tell me about the changes you would make.
Is there anything else you would like to tell me about using the electronic headache pain diary?
Is there anything else you would like to tell me about talking to your doctors about your headache?
headache pain had never reached 0 following concussion. The average maximum pain intensity reported by children (n = 30) was 8.5.
Color. The majority of children (n = 25) believed ''gentle,'' ''soft,'' or ''pastel'' colors should be used, and bright, fluorescent, or neon colors should be avoided. Children stated that bright colors could intensify headache pain. Specifically, children recommended blues and greens with minimal to no yellow. One child emphasized the importance of including red because ''red means pain.'' A 12-year-old child who had been bullied struggled to describe colors and did not seem to understand the concept of light, dark, bright, dull, or pastel color. The child's mother intervened and said to the child, ''By bright and dull colors, she (the principal investigator) means happy and sad colors.'' During this particular interview, the mother was tearful, and the child had suffered with concussion symptoms for almost a year. Another child stated that blues and greens should be used because those colors are ''soothing and relaxing.'' These were the only 2 who connected color with affect or something broader than color as it relates to effect on headache.
Animation. Animation or movement of art/objects within the HED-CC was discussed during the interviews. Children commented based on their experience with smart phone applications, video games, and the screen saver on the computer desk tops in the examination rooms. Regarding animation, children (n = 20) recommended none be included in the HED-CC because of the potential for movement to exacerbate headache.
Pain Descriptors and Activities. Menus for pain descriptors and activities that exacerbate and relieve headache were recommended by 100% (n = 30) of children. Multiselect menus were incorporated into the HED-CC using the children's exact words. They agreed that an ''other'' option was important with the ability to free-text choices that are not listed and additional comments.
Personalization. Children believed the ability to personalize their HED-CC would be important to concussion patients, stating it would add appeal and make a ''serious thing like concussion more fun.'' All of the children (N =30) of children recommended including a feature (eg, avatar) to personalize the HED-CC.
Head Views. All of the children (N =30) believed that head views would be beneficial to show the location of headache pain. Interestingly, many children held their heads when talking about head views in the HED-CC, pointing to the location of their headache pain or trying to describe diffuse or non-localized pain. Some children felt there could be an educational benefit to head views. In other words, children could correlate the location of their brain injury (eg, temporal lobe, occiput) with symptoms they were experiencing. Clinically, the children felt head views would be helpful to show their clinicians so they could understand their headache pain and ''sensitivity.'' Pain Assessment Scale. Almost all of the children (n = 29) thought it was important to have a choice of pain assessment scales. Two children from the phase 1 sample thought the scale should be preset in the HED-CC according to age appropriateness. Twenty-eight children thought there should be a choice, 1 child recommended the combination of the NVAS and FACES Pain Rating ScaleYRevised, some (n = 2) recommended both FACES scales with no NVAS, whereas 7 children recommended the combination of NVAS and Wong-Baker FACES Pain Rating Scale. Ninety percent (n = 27) of children recommended including Wong-Baker FACES Pain Rating Scale in the diary, and 53% (n = 16) recommended a choice of all 3 of the pain assessment scales. Specific comments from the children included (1) ''You need to make the pain scale, so it isn't juvenile,'' (2) ''There is no point in having 2 scales with faces,'' and (3) ''FACES (referring to the Wong-Baker FACES Pain Rating Scale) is easy, and the diary should be simple.''
Phase 2 Results
Children's Interview Results. The construct of acceptability (eg, likes, dislikes) was evaluated. 21 The children (n = 30) stated they enjoyed completing the HED-CC (Figure) . The majority of children (n = 29) felt others in their peer group would use the HED-CC if they had a concussion, and such a tool was available. However, 1 child stated he would not use the HED-CC. He stated that he was ''not into electronic things,'' and his mother qualified his response by adding, ''He only checks his social networking site once every 2 weeks.'' Impact of Color and Font on Headache Pain. All of the children liked the color scheme of the HED-CC, with 10% (n = 3) stating that they would add more color while continuing to avoid vibrant and neon colors. The majority of the children (n = 28) reported that their headache did not worsen as a result of testing the HED-CC. Children (n = 2) stated that their headache increased, with 1 child reporting an increase from 0/10 to 1/10 following testing. The other child did not report a pain intensity score, but stated that she quickly overcame the problem of a slight headache induced by the small font by using the zoom function on the iPad.
Pain Assessment Scales. All of the children expressed satisfaction with the choice of pain assessment scales. Ninety-seven percent (n = 29) chose Wong-Baker FACES Pain Rating Scale when they tested the HED-CC. Only 1 child chose the NVAS stating, ''These faces (referring to the WongBaker FACES Pain Rating Scale) are hilarious. They don't capture how serious a concussion is.'' Pain Descriptor Menu. None of the children entered new pain descriptors, choosing entirely from the multiselect list provided from the development data. Two children (6%) chose the descriptors ''annoying'' and ''frustrating'' as pain descriptors.
Clock. Regarding the clock, 30% (n = 9) of the children expressed marked confusion about 1 or more of the following:
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(1) what the time meant, (2) how time related to headache, (3) how to operate the spinners, and (4) uncertainty about what headache to log. One child stated that the clock needed to do a better job of aligning with headache and with the time of day (eg, ''Is it morning and bright outside?'').
Personalization With Avatars. Children perceived the avatars positively. Some children chose an avatar that resembled their own hairstyle or one that matched their school mascot. For the most part, children reported that the avatars were fun. The same child who stated he would not use the HED-CC recommended the addition of avatars better suited to older children (eg, professional sports teams' logos). One 14-year-old girl who was particularly fond of the avatars commented that a red-haired avatar should be added to the choices.
Head Views. Lastly, many children recommended changing the single-select head views to multiselect head views 23% (n = 7). These children stated that 1 head view was insufficient to capture more than 1 area of the head hurting or diffuse pain. Specifically, several children stated that none of the head views captured ''the inside of my head hurting'' or ''my head hurting all over.'' Concussion Experts Survey Results. There was a 100% (n = 5) survey response rate among the concussion experts who were asked to participate in the study. All of the experts responded that the HED-CC was feasible for clinical application with children and useful for the assessment and documentation of headache pain following pediatric concussion ( Table 7 ). The experts listed the following advantages of the HED-CC: (1) ''It provides more detailed description than is often able to be obtained in clinical interview with young patients''; (2) ''It quantifies the information to track change over time''; (3) ''Kids are more likely to record electronically rather than via paper and pencil''; (4) ''The type of headache can dictate treatment recommendations, and it is important to know that information''; (5) ''It is easy to use''; and (6) ''The avatars are fun for kids''. In addition, the concussion experts were unanimous in the agreement about the content validity of the HED-CC. Specifically, the experts agreed that the HED-CC items were all germane to assessing headache pain in children following concussion.
However, the experts also provided some constructive feedback to improve the HED-CC. The disadvantages of the HED-CC were described as follows: (1) ''Some of the responses were slightly confusing''; (2) ''Using the HED-CC could trigger symptoms or make headache worse''; (3) ''Focusing on the pain of an injury may intensify pain''; and (4) ''The current date stayed highlighted when the injury date was selected, making me think my response was not accepted.'' Additional recommendations from the concussion experts pertained to usability and clinical application. The concussion experts suggested the pain assessment scale choice should have a bolder highlight and be more obvious than the original thin red line highlight. In addition, the experts recommended that the locations on the head views be clearer, capture the forehead, and have multiselect capability to allow for inclusion of multiple affected areas. These suggested refinements to the head views would allow for improved comparison of the pain location to other components of the headache history (eg, etiology, symptoms).
Feedback From Children and Parents. The following are specific comments from about the HED-CC across both study phases:
''This is pretty cool actually. It would help doctors understand their patientsI lots of kids are getting concussions these days.'' (Child)
''This is convenient and fastI could send information to doctors. If doctors had this, kids could maybe do activities faster instead of waiting for appointments. Kids would be more apt to track headache.'' (Child) ''When I come to the doctor, I report how I feel now, not over the past days or months. This requires less talking. You could come to your appointment and just hand this (the final page) to your doctor.'' (Child) ''Concussion is a serious topic. This is neat. It's nice to make something serious fun.'' (Child)
''I'm pretty sure my dad would be checking my diary.'' (Child)
''This supports these stages the doctor gave me (referring to a stepwise return to play standard of care). It's not totally up to me now. (Mother) 
Very Useful Useful
How useful do you think the electronic headache diary will be for the assessment of headache pain after concussion with children 40% 60%
How useful do you think the electronic headache diary will be for the documentation of your pediatric patients' headache pain after concussion 60% 40%
Please list the advantages, if any, of the electronic headache diary.
Please list the disadvantages, if any, of the electronic headache diary.
''When I come in here (clinic), I can't remember anything about her headache, when she went to school, whole days or half days due to headaches. This would be great to help parents remember things.'' (Father) ''Teenagers don't like to talk. If she doesn't feel like talking to me, I could check her diary after she goes to bed.'' (Mother)
DISCUSSION
This was the preliminary study to develop and pilot a new electronic diary (ie, HED-CC) to assess headache pain in children following concussion. The findings indicate that children experience headache pain that is severe and, for some, unable to be relieved. Furthermore, children use an array of pain descriptors for postconcussion headache and identify challenges associated with explaining their headaches to their clinicians. The challenges arise not only from the complexity, uniqueness, and subjectivity of the headache pain, but cognitive symptoms that compound the problem of symptom reporting. It follows that the HED-CC will be helpful for headache tracking and reportingV2 themes that consistently emerged as important for improving communication among children with concussion and their clinicians. While neurocognitive testing is imperative to managing postconcussion symptoms (eg, difficulty with concentration, feeling slow) during recovery and return to play, clinicians must realize that self-report remains the criterion standard for pain assessment. 6, 12 Parents' participation in the interviews is noteworthy as this demonstrates the impact of headache on the family. Mechanism of injury, for the most part, is seasonal. Had the study spanned a longer or different period, responses may have varied based on different athletes' preferences.
Data captured in the HED-CC will help clinicians better understand their patients' headache. Some of the children and parents commented that the HED-CC could substitute for speaking with each other or with their clinicians; this is probably representative of the trend with children using electronic mobile devices to what may be considered excessive at times. The intent of the HED-CC is not to replace communication, but rather enhance it. The idea of using the HED-CC for communication between appointments is novel; children suggested it could enhance the return to play and could support a more continuous patient-clinician relationship during recovery.
Two important findings pertained to headache time and duration and headache location. The HED-CC did not adequately handle time and headache trending, nor did it provide for the correlation of headache with activities of daily living.
Animation deserves further study. One child who initially stated ''animation would not matter'' in relation to exacerbating headache reconsidered, stating, ''Maybe it wouldn't be good because you would have to follow it.'' Another child commented, ''Animation would be OK in the morning, but not later in the day.'' The latter conveys there may be a relationship between postconcussion fatigue and tolerating movement visually.
Children who share their HED-CC with their parents can be partners with them during recovery. Parents may glean valuable information from trends in their children's HED-CC, helping them modify factors in the home that contribute to headache pain or plan (eg, ideal times for home schooling). In addition, the HED-CC may serve as a record of school attendance (eg, half-or full-day absence), supporting a thorough assessment at clinic appointments. The pain descriptors ''annoying'' and ''frustrating'' convey more than pure pain intensity and imply that an affective or qualityof-life component may be important to add to the HED-CC in the future.
Limitations
There were several limitations in the current study. We assumed that the participants provided thorough responses to the interview questions about their headache pain and honest feedback regarding the HED-CC. Similar to prevalence studies, the data represent a clinical ''snapshot'' of the postconcussion headache pain. Furthermore, there was variability among participants' postconcussion recovery time at the point of interviewing ranging from days to a year. From a methodological perspective, the participants' responses may have been affected by the fact that they had explained their headache history to a clinician just prior to the interviews. Children who may have been less eager to discuss their symptoms a second time may have provided fewer details during interviews. The small sample size (n = 30 for each phase) limited the generalizability of the current findings. The inclusion of patients from only 2 clinic settings within the same geographic region may have resulted in a biased sample that is not representative of the population. In addition, children may have preferred the Wong-Baker FACES Pain Rating Scale because of their familiarity and comfort with using it in other local pediatric healthcare settings. With regard to validity, we examined only content validity, as it was beyond the scope of the current research to include measures of constructVincluding concurrent, divergent, and predictive validity.
Implications for Future Study
The mixed-methods approach and findings from the current study represent a preliminary step in the development of the new HED-CC for assessing headache in children following concussion. However, future research spearheaded by clinical nurse specialists should include revising of the HED-CC with integration of the test phase data. Priorities will include pain location, time and its correlation with headache, and Clinical Nurse Specialist A www.cns-journal.com refinement of technology (eg, testing and implementation with a variety of operating systems). Further reliability testing will be conducted with a larger sample of children to establish clinical application benefits. It will be important to develop and provide patient and family education for completing the HED-CC to enhance compliance with reporting. 21 Clinical nurse specialists are uniquely positioned to assimilate improved assessment for a challenging population, increased family participation in care, enhanced childfamily-clinician communication, and advanced outcome evaluation. The feedback regarding content validity from clinicians supports further development of the HED-CC to include assessments of construct and predictive validity.
CONCLUSION
Understanding headache pain is critical as the science related to the treatment of postconcussion symptoms continues to evolve. Children with concussion will use the HED-CC, an age-appropriate, easy, and appealing measure to track headache pain. Children and clinicians support the HED-CC as a valuable measure for tracking headache and for the assessment, documentation, and treatment of headache pain during recovery from concussion.
